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http://www-d0.fnal.gov/Run2Physics/D0Winter2012.html
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since September 2011:
• 16 preliminary results
• 23 journal papers (~0.8/week)

New Results for Winter 2012

http://www-d0.fnal.gov/Run2Physics/D0Winter2012.html
http://www-d0.fnal.gov/Run2Physics/D0Winter2012.html
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DØ Physics Results for Winter 2012
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Many Thanks to Accelerator Division!
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full data set 
analysed
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Many thanks to my colleagues! 
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 446 members in 82 institutions from 18 countries
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DØ Physics Results for Winter 2012

EWK

Higgs Top

QCD

NP

B 

7

Quantum
chromo-
dynamics



- Christian Schwanenberger -    New Results for Winter 2012 Fermilab, W&C Seminar 8

• direct photons come unaltered 
  from hard subprocess:
  ➞ direct probe of hard scattering
• sensitive to b quark and gluon 
   densities
• background to NP and Higgs searches

b

b

b

b

_

ME(γ+b+2partons)
+PS

NLO

ME(2➞2)
+PS

preliminary

Photon+b-jet Cross Section
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• direct photons come unaltered 
  from hard subprocess:
  ➞ direct probe of hard scattering
• sensitive to b quark and gluon 
densities
• background to NP and Higgs searches

b

b

b

b
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ME(γ+b+2partons)
+PS

soft gluons
kT partons

ME(2➞2)+PS

preliminary

Photon+b-jet Cross Section
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Physics
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W mass measurement

11

Ashutosh Kotwal, February 23rd
Jan Stark, March 1st

5.3 fb-1

arXiv:1203.0293
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Tevatron Cross Sections

12

0 1 2 3 4 5 6 7 8 9 10

C
ro

ss
 S

ec
tio

n 
(p

b)

-110

1

10

210

310

410

510
 = 1.96 TeVs at pTevatron Run II p

W Z W Z WW tt WZ t ZZ  WWH 
 = 165 GeVHm

Theory



- Christian Schwanenberger -    New Results for Winter 2012 Fermilab, W&C Seminar

Wγ Cross Section and WWγ Couplings
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background

signal

background rejection: 
tight cut on transverse mass MT(μ,γ,MET)

analyse non-abelian gauge structure

cross section 
in agreement 
with SM

μ
μ

W
μ

ν
Phys. Rev. Lett. 107, 
241803 (2011)
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Wγ Cross Section and WWγ Couplings
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background

signal

background rejection: 
tight cut on transverse mass MT(μ,γ,MET)

analyse non-abelian gauge structure

cross section 
in agreement 
with SM

strongest 
limits on 

anomalous 
couplings

from Tevatron

μ
μ

W
μ

ν

λγ

Δκγ

Phys. Rev. Lett. 107, 
241803 (2011)
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Zγ Cross Section and ZZγ, Zγγ Couplings
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cross section 
in agreement 
with SM

Phys. Rev. D 85, 
052001 (2012)
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Zγ Cross Section and ZZγ, Zγγ Couplings
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background

signal

background rejection: 
tight cut on invariant mass M(ℓ,ℓ,γ)

analyse non-abelian gauge structure

cross section 
in agreement 
with SM

Phys. Rev. D 85, 
052001 (2012)

no hint for 
anomalous 
couplings
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background

signal
analyse non-abelian gauge structure

cross section 
in agreement 
with SM

background rejection: 
tight cut on invariant mass M(ℓ,ℓ,γ)

Zγ Cross Section and ZZγ, Zγγ Couplings

Phys. Rev. D 85, 
052001 (2012)

no hint for 
anomalous 
couplings
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WW Cross Section
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➞ good agreement with the SM

Satish Desai, 
March 7,
Ken Herner,
December 9

arXiv:1112.0536 [hep-ex]

proving ground for Higgs:

http://arxiv.org/abs/1112.0536
http://arxiv.org/abs/1112.0536
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ZZ➞ℓ+ℓ-νν Cross Section
signal

backgrounds

_
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ZZ➞ℓ+ℓ-νν Cross Section
signal

backgrounds

_
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WZ➞ℓ+ℓ-ℓ±ν Cross Section
background

signal

backgrounds
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ZZ, WZ Cross Sections
measure ratio of ZZ/WZ over Z+jets cross section:

➞ good agreement with the SM

22

arXiv:1201.5652 [hep-ex]
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ZZ, WZ Cross Sections

}

measure ratio of ZZ/WZ over Z+jets cross section:

23

arXiv:1201.5652 [hep-ex]

➞ good agreement with the SM
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Tevatron Cross Sections
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Physics

DØ Physics Results for Winter 2012
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New Narrow Mass State Decaying into Υ(1S)+γ

Υ discovery:
E288 collaboration

26
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New Narrow Mass State Decaying into Υ(1S)+γ

Υ(1S)➞μ+μ-

preliminary
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New Narrow Mass State Decaying into Υ(1S)+γ

Υ(1S)➞μ+μ- γ➞e+e-

preliminary

preliminary
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New Narrow Mass State Decaying into Υ(1S)+γ

Υ(1S)➞μ+μ- γ➞e+e-

χb(1P)
χb(2P)

ATLAS:
χb(3P): background model:

combine Υ(1S) with 
photons from 
different events

preliminary

preliminary

preliminary
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New Narrow Mass State Decaying into Υ(1S)+γ

Υ(1S)➞μ+μ- γ➞e+e-

χb(1P)
χb(2P)

χb(3P): (?)

ATLAS:
χb(3P): ⇒ confirmation: 6σ

many more interesting
measurements to do...

preliminary

preliminary

preliminary
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χb(3P) ➞Υ(1S)+γ
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Top
Quark

Physics

DØ Physics Results for Winter 2012
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Top Quark
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Top Quark

33



- Christian Schwanenberger -    New Results for Winter 2012 Fermilab, W&C Seminar

Top Quark
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Top Quark

35

hints &
excesses?
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Single Top Quark Production

36

Phys. Rev. D 84, 112001 (2011)

Victor Bazterra, 10 February 

|Vtb| =1.02 -0.11
+0.10
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Single Top Quark Production
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search for anomalous Wtb couplings

Victor Bazterra, 10 February 

Phys. Lett. B 708, 21 (2012)
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Improved Top Decay Width
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NEW

arXiv:1201.4156 [hep-ex]

Victor Bazterra, 10 February 
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Top Quark Mass
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• flavor dependence of jet energy scale 

• calibration of jet energy scale 

 systematics smaller by ~O(1 GeV)

⇒ improve systematic uncertainties
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W Boson Helicity Fractions

40

FL F0 FR

Phys. Rev. D83, 032009 (2011)
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W Boson Helicity Fractions
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FL F0 FR

Phys. Rev. D83, 032009 (2011)
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W Boson Helicity Fractions
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arXiv:1202.5272 [hep-ex]

⇒ first published Tevatron combination in top quark physics
⇒ most precise measurement to date
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Spin correlation strength

complementary between Tevatron and LHC

Tevatron

3S1

• dominated by qq annihilation
• tt pairs close to the threshold
• beam axis as spin quantisation axis
   NLO QCD: C = 0.78

• optimised “off-diagonal” basis

• dominated by gg fusion
• tt pairs far off the threshold
• helicity basis as spin quantisation axis
   NLO QCD: C = 0.32

• maximal basis

 

_
_ _

Bernreuther, Brandenburg, Si, Uwer, Nucl. Phys. B690, 81 (2004)

g g

LHC

C

43
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New physics impact on spin correlations

44

• important test of SM and sensitive search for physics beyond
• analyse the whole chain of top pair production and top decay 

SM

Higgs, KK gravitons, Z’, stop pairs, ... charged Higgs, b’, ...

φ0

Phys. Lett. B 702, 16 (2011)

40
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Matrix Element Method

H=correlated
or
H=uncorrelated
spins
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Measurement of Spin Correlation

46

discriminant

MEs: per event ↔ spin correlation: ensemble of events

MC@NLO
on parton level
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discriminant

MEs: per event ↔ spin correlation: ensemble of events

combination:
dilepton & l+jets
Phys. Rev. Lett. 107, 032001 (2011)

Measurement of Spin Correlation
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discriminant

MEs: per event ↔ spin correlation: ensemble of events

combination:
dilepton & l+jets

Phys. Rev. Lett. 108, 032004 (2012)

Measurement of Spin Correlation
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discriminant

MEs: per event ↔ spin correlation: ensemble of events

combination:
dilepton & l+jets

correlation strength:

NLO QCD:

➞ first evidence for spin correlation with 3.1σ

Phys. Rev. Lett. 107, 032001 (2011)

Phys. Rev. Lett. 108, 032004 (2012)

C = 0.85 ± 0.29 (stat+syst)

Measurement of Spin Correlation
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Search for a Narrow tt Resonance
_

50
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Search for a Narrow tt Resonance
_

signal

background

• some models predict tt boundstate:
  topcolor assisted technicolor predicts
  generation coupling
• leptophobic Z’

_
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signal

background

• search for bumps in:• some models predict tt boundstate:
  topcolor assisted technicolor predicts
  generation coupling
• leptophobic Z’

mZ’ ≤ 835 GeVarXiv:1111.1271 [hep-ex]

_

Search for a Narrow tt Resonance
_
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Search for Lorentz Invariance Violation
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SM extension

Search for Lorentz Invariance Violation
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➞ no indication of time dependence of tt cross section
➞ first constraints on LIV in free quark sector (cL)XX, (cL)XY, ... , (cR)XX, ...

_

preliminarypreliminary

Search for Lorentz Invariance Violation



- Christian Schwanenberger -    New Results for Winter 2012 Fermilab, W&C Seminar

EWK

Higgs Top

QCD

NP

B 

56

New 
Phenomena

DØ Physics Results for Winter 2012
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Beyond the Standard Model

57

Supersymmetry

Extra dimensions Hidden Valley
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Beyond the Standard Model
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Supersymmetry

Extra dimensions Hidden Valley
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Search for Stop Pair Production

mt = 180 GeV
mν = 60 GeV

~

~

ν

ν

μ+

τ-

~

~
~

~

_

higgsino

59

arXiv:1202.1978 [hep-ex]

SUSY search in 3rd generation
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Search for Stop Pair Production

mt = 180 GeV
mν = 60 GeV

~

~

mt ≤ 200 GeV~

~mν ≤ 81 GeV

ν

ν

μ+

τ-

~

~
~

~

_

10%

80%

first Tevatron limits

higgsino

60

arXiv:1202.1978 [hep-ex]
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Search for Gravitinos (GMSB SUSY)
first search for 
Zγ+missing ET 

Z

γ

61
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Search for Gravitinos (GMSB SUSY)
first search for 
Zγ+missing ET 

Z

γ

preliminary

preliminary
preliminary

e+, μ+

e-, μ-

mχ0 ≤ 151 GeV~
1

62
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Beyond the Standard Model

63

Supersymmetry

Extra dimensions Hidden Valley
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Charged Massive Long-Lived Particles
• could resolve problems in cosmology
(observed lithium production which is 
difficult to to explain in the standard model 
of big bang nucleosynthesis)
• in SUSY models with AMSB, the NLSP 
can be a CMLLP, e.g. chargino
• look like slow, massive long-lived 
muons: measure speed and ionisation 
energy loss

mχ+ ≤ 267 GeV~
1

64

arXiv:1110.3302 [hep-ex]
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Beyond the Standard Model

65

Supersymmetry

Extra dimensions Hidden Valley
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Minimal Universal Extra Dimensions

• pair production of Kaluza-Klein quarks
• search for 2 muons with the same charge

 ➞ first direct lower limit on compactification scale
     in this channel

R-1≤ 260 GeV

66

arXiv:1112.4092 [hep-ex]



- Christian Schwanenberger -    New Results for Winter 2012 Fermilab, W&C Seminar

EWK

Higgs Top

QCD

NP

B 

67

Higgs
Boson 

DØ Physics Results for Winter 2012
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SM Higgs Search

68

10 fb-1
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SM Higgs Search
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Satish Desai, 
Michelle Stancari, 
March 7

2.7σ (local)
2.2σ (global)

10 fb-1
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Summary

EWK

Higgs Top

QCD

NP

B 
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• many exciting new results
   for the winter conferences!
• many analyses are competitive 
   with the LHC 
• some analyses are complementary:
   evidence for tt spin correlation
• W mass uncertainty: 0.019%
   we can double the dataset
   ⇒ SM is self-consistent

• Tevatron is unique due to 
   sensitivity to H➞bb decay
   increase sensitivity further

   ⇒ excess in the range
      115 < mH < 135 GeV

 

Thanks to all DØ colleagues who have contributed!

_

_
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Backup
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SM Higgs Search
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Satish Desai, 
Michelle Stancari, 
March 7

2.7σ (local)
2.2σ (global)

10 fb-1
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Matrix Element Method: spin correlation

kinematics of top 
and anti-top decay

H=uncorrelated
G. Mahlon and S. J. Parke, 
Phys. Rev. D 53, 4886 (1995)
Phys. Lett. B 411, 173(1997)

/2

β: velocity of top in tt rest frame
sqt: sine between initial quark and top

_
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kinematics of top 
and anti-top decay

H=correlated

G. Mahlon and S. J. Parke, 
Phys. Rev. D 53, 4886 (1995)
Phys. Lett. B 411, 173(1997)

β: velocity of top in tt rest frame
sqt: sine between initial quark and top
cqt: cosine between initial quark and top

_

Matrix Element Method: spin correlation
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Exclusion Limits

 f > 0.344
 at 95% CL

first exclusion of 
hypothesis H=uncorrelated 
(f=0) with more than 3σ

C = 0.85 ± 0.29 (stat+syst)
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Single Top t-channel

76

- 2, 3, 4 jets with 1, 2 b tags 
- train multivariate analysis for t-channel
- double data set

σ(t-channel)=2.90±0.59 pb 
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Single Top s- vs. t-channel

77

good agreement with Standard Model

SM
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ZZ➞ℓℓℓℓ Production

78

ℓ+

ℓ-

ℓ-

ℓ+

Z/γ*

Z/γ*
important background 
to H➞ZZ searches

eeee, eeμμ, μμμμ
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ZZ➞ℓℓℓℓ Production

79

ℓ+

ℓ-

ℓ-

ℓ+

Z/γ*

Z/γ*

- data: 10 events
- signal: 8.73±0.45
- background: 0.35±0.04
   (jets faking electrons, 

muons in jets, top pair 
production)

important background 
to H➞ZZ searches...

NEW PLOTS!

eeee, eeμμ, μμμμ
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ZZ➞ℓℓℓℓ Production
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ℓ+

ℓ-

ℓ-

ℓ+

Z/γ*

Z/γ*

SM: σ(Z/γ*Z/γ*) =1.4 ± 0.1 pb

- smallest cross section measured at hadron collider
- most precise measurement
- examine kinematic distributions

6.4 fb-1

σ(pp➞Z/γ*Z/γ*) =1.35          (stat) ± 0.15 (syst) pb
_ +0.50

-0.40

eeee, eeμμ, μμμμM1(Z/γ*)
>70 GeV

M2(Z/γ*)
>50 GeV
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Inclusive Jet Cross Section

81

• excellent agreement with
  QCD prediction over 
  9 orders of magnitude
• no excess at high ET:
  ➞ no hint for quark 
      substructure

• constrain pdfs (here: CTEQ6.5M)
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Mulitvariate Analyses

82

Neuroevolution of 
Augmenting Topologies


